The removal of chromium(VI) from an aqueous solution using persimmon gel was examined. The amount of chromium(VI) removed was strongly affected by the pH of the solution, with all chromium(VI) being removed at pH 2 or lower. However, in a solution containing, 15 mg dry weight of immobilized persimmon gel, the amount of removed chromium(VI) decreased as the pH increased. A part of chromium(VI) was reduced another oxidation stage, mainly chromium(III), by immobilized persimmon gel. The amount of reduced chromium(III) in the solution was increased with decreasing the pH of the solution. As a result, the amount of total chromium removed was maximal at pH 2. The amount of chromium removed were affected by the chromium concentration and the amount of gel. The maximal amount of chromium removed by the column system was also discussed.
Introduction


Chromium is used in textile, leather tanning, electroplating, metal finishing industries [1] , wood treatment, corrosion control, oxidation and anodizing industries. If high levels of chromium are absorbed by the body, it can generate serious problems and concentration of 100 g/g body wt. can ultimately become lethal [2] . Recently, the main processes for elimination of chromium have been adsorption, reverse osmosis, and chemical reactions that involve reduction and precipitation [1] . Among these processes, adsorption has been shown to be a feasible method for removing traces of chromium from wastewater and many different adsorbents have been tried to remove this toxic metal from wastewater [1] [2] [3] .
Adsorption is the most effective and widely used technique for the removal of toxic heavy metals D DAVID PUBLISHING
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Using Immobilized Persimmon Gel 523 adsorbed chromium(VI) and the amount of residual chromium(III) remaining in the solution were not examined in detail [20] . Herein, the removal of chromium from aqueous chromium(VI) solution using immobilized persimmon gel is extended and reported.
Material and Methods
Immobilization of Persimmon Tannin
Commercially available kakishibu (the extracted juice of unripe persimmon fruit, tannin content: 4.0%) was immobilized as follows: one part of glutaraldehyde was mixed with four parts of persimmon tannin. After 2 h, a red-wine-colored homogeneous gel was obtained. The gel was crushed into small particles (less than 60 mesh), washed thoroughly with deionized water, and then used for removal experiments.
Chromium Removal Experiments
Unless otherwise stated, chromium removal experiments using immobilized persimmon gel were conducted as follows: batch system: the gel was suspended with 100 mL of aqueous chromium solution and stirred at room temperature using magnetic stirrer (120 rpm). Chromium was supplied as K 2 Cr 2 O 7 or Cr(NO 3 ) 3 . The pH of the solution was adjusted to the desired values with 0.1 mol HNO 3 or NaOH over the range of pH 1-5. The gels were then collected by filtration through a membrane filter (pore size 0.2 μm). Column system: unless otherwise stated, 1,510 mL of gold solution (53.1 mg/L chromium (as K 2 Cr 2 O 7 , pH 2) was passed through a column (diameter 8 mm, bedvolume 3.9 mL) of immobilized persimmon gel at a Space Velocity (SV) of 15.7 h -1 . The amounts of removed chromium(VI) were quantified by the diphenyl carbazide method [21] by measuring the absorbance of the solution at 540 nm using spectrophotometer (U-1800, Hitachi). The amounts of removed total chromium were determined by atomic absorption spectrometer (AA-6300, Shimadzu, Kyoto).
Results and Discussion
Effect of pH on Chromium Removal from Aqueous
The effect of pH (over the range of pH 1-5) on the removal of chromium(VI) was examined by immobilized persimmon gel from an aqueous solution of chromium(VI) as K 2 Cr 2 O 7 (Fig. 1) . The chromium(VI) removal from the potassium bichromate(VI) solution was quantitative at pH 1-2. Above pH 2, rapid decreases in the amount of chromium(VI) removed was observed. In the same solution, the total chromium removal was maximal at pH 2. Above and below pH 2, rapid and gradual decreases of total chromium removal were observed (Fig. 1) .
The chromium(VI) (%) remaining in solution increased with increasing the pH of the solution. On the other hand, the amount of reduced chromium(III) in the solution increased as the acidity of the solution decreased. By subtracting the amount of total chromium(%) removed from the amount of removed chromium(VI) (%), the amount of chromium(VI) was reduced to chromium(III) in the solution. Reduced chromium(III) was the chemical species of chromium present in solution at pH 1-2 after removal of chromium(VI). The removal of chromium(VI) using persimmon gel was also investigated [20] , however, this is the first finding to clarify the amount of reduced chromium(III) from chromium(VI) in the solution in this system. Using a solution of chromium(III) nitrate, the role of pH on chromium(III) removal by immobilized persimmon gel was also examined (Fig. 2) . The amount of chromium(III) removed increased as the pH of the solution increased. At pH values less than pH 3, this adsorbent could not remove any chromium(III) from solution.
The chemical species of chromium(VI) in the bichromate(VI) solution is mostly hydrogen chromate anion, HCrO 4 -at pH 1-5 [23] . as a hard acid [20] , and easily produce chromate ester [24] . Therefore, the removal of chromium(VI) appeared to proceed mainly through esterification of HCrO 4 -and catechol or pyrogallol group in persimmon gel. On the other hand, this adsorbent has a high tendency toward being a reductant. Additionally, chromium(VI) has high tendency toward accepting electrons, thus, serving as an oxidizing agent. Accordingly, the Fig. 3 is easily generated in acidic solution. In fact, the concentration of reduced chromium(III) increased with the decreasing pH of the solution. About 70% of chromium(VI) was removed by adsorption and 30% of that by reduction at pH 2 from the 2.5 ppm chromium(VI) solution.
Effect of Chromium Concentration on Chromium Removal from Aqueous Chromium(VI) Solution Using Immobilized Persimmon Gel
When 15 mg (dry wt. basis) of immobilized persimmon gel was used, the removal of chromium(VI) from the aqueous chromium(VI) solution was quantitative at chromium concentrations below 5 ppm (100 μmol) (Fig. 4a) . At levels greater than 5 ppm, the ratio of chromium(VI) and total chromium removed with respect to initial chromium (%) decreased as the chromium concentration in the aqueous solution increased. On the other hand, the amount of chromium(VI) and total chromium removal (μmol chromium/g dry wt. adsorbents) increased with increasing concentrations of chromium in the aqueous solution. When the chromium concentration was 1,700 μmol, extremely high chromium of about 4,860 μmol of chromium(VI) and 4,660 μmol of total chromium/g dry wt. persimmon gels was removed, 200 μmol of chromium(VI)/g dry wt. persimmon gels was reduced to chromium(III). The amount of reduced chromium(III) was maximum when the solution 
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Using Immobilized Persimmon Gel 526 (a) (b) Fig. 4 (a) Effect of chromium concentration on chromium(VI) removal and reduction using immobilized persimmon tannin adsorbent and (b) equilibrium Langmuir isotherm of chromium removal using immobilized persimmon tannin adsorbent. Adsorbent (15 mg dry wt. basis) was suspended in 100 mL of the solution (pH 2) containing indicated amounts of chromium(VI) for 1 h at room temperature. Symbols: squares, removed chromium(VI), circles, removed chromium (total) and triangles, produced chromium(III). 
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Conclusions
The removal of chromium using persimmon tannin The removal of chromium using immobilized persimmon tannin adsorbent was strongly affected by the initial chromium concentration of the solution.
Immobilized persimmon tannin adsorbent can remove chromium quantitatively from the solution containing lower 5 ppm chromium(VI), however, the ratio of the amount of chromium(VI) removed with respect to the initial chromium(VI) concentration was decreased with increasing the initial chromium(VI) concentration. The amount of chromium (μmol/g dry wt. adsorbents) was increased with increasing the initial chromium(VI) concentration of the solution. When the initial chromium(VI) concentration was 1,700 μmol, persimmon gel removed 4,860 μmol of chromium(VI). The amount of chromium removed was fitted with Langmuir's isotherm. The amount of reduced chromium was maximal from the solution containing 400-800 μmol chromium(VI).
The removal of chromium using immobilized persimmon tannin absorbents was strongly affected by
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Using Immobilized Persimmon Gel 530 the adsorbent amounts. The ratio of the amount of removed chromium(VI) per that of initial chromium(VI) was increased with increasing the amount of adsorbent, however, the proportion of chromium removed (μmol/g dry wt. adsorbent) was decreased with increasing the amount of adsorbent. The amount of total reduced chromium was increased with increasing the amount of adsorbent, however, the amounts of reduced chromium (μmol/g dry wt. adsorbent) was maximal using 10-15 mg of adsorbent (dry wt. basis). Adsorption of chromium(VI) was very rapidly and reached equilibrium within two hours. Reduction of chromium(VI) was a little slower than adsorption. The time course of chromium removal was fitted by an adsorption model using time-dependent Langmuir equation.
The maximum amount of chromium(VI) removed was examined by a column system. Immobilized persimmon gel adsorbed 313 mg (6.01 mmol) and reduced 64 mg (1.23 mmol) chromium(VI)/g dry wt. of immobilized persimmon gel.
On the basis of this research, the removal of chromium(VI) from the aqueous systems should be feasible in the near future.
